Introduction
Follicular growth and development is believed to be under the control of the pituitary gonadotrophins, FSH and LH (Richards, 1980; Baird & McNeilly, 1981) . The mechanism by which individual follicles are selected for ovulation is unknown, although there is evidence that once established these dominant follicles suppress development of other antral follicles (diZerega & Hodgen, 1981) . One hypothesis proposes that dominant follicles reduce the availability of gonadotrophic support to other antral follicles by increasing the feedback inhibition of pituitary secretion of FSH with oestradiol and inhibin (Baird, 1983) . A second, but not mutually exclusive, hypothesis is that there are ovarian regulators which act at the ovarian level to modify the number of large antral follicles allowed to develop (Hammond, 1981) .
We sought evidence for this concept by investigating ovine follicular fluid as a potential source of a non-steroidal inter-and intra-ovarian regulator. All follicles visible on the ovarian surface of ewes were ablated by electrocautery on Day 12 (Day 0 = day of oestrus) to reduce variability between sheep with respect to antral follicles > 0-5 mm and to enhance the growth potential of the remaining follicles. The extent of growth and atresia of the remaining follicles was observed 72 h later after treatments which varied circulating gonadotrophin and ovine follicular fluid concentrations. Preliminary results have been reported (Cahill, Chamley & Findlay, 1983 (mid-breeding season) . Different Corriedale ewes in good con¬ dition and 5-6 years of age from the same flock were used in each experiment. The ewes were treated in the late luteal-early follicular phase of the cycle after oestrus which had been syn¬ chronized using intravaginal sponges (Repromap-MAP, Upjohn). Oestrus (Day 0) was detected by vasectomized rams fitted with harnesses and crayons and the ewes were checked daily.
The follicular fluid for injection was aspirated from follicles visible on sheep ovaries which had been collected at random from a slaughterhouse. In Exp. 1, whole follicular fluid was used, whilst in Exps 2 and 3 the follicular fluid was treated with dextran-coated charcoal (1 mg/ml final concentration) to remove free steroids (Tsonis et al, 1983 Concentrations of LH in plasma were measured by radioimmunoassay (Lee et al, 1976 ) using NIH-LH-S18 as standard. All samples in 8 assays were read on that portion of the standard curve where the within-assay coefficient of variation (CV) was < 10%, between 31 ± 0-8 and 21-4 ± 3-5 ng/ml (mean + s.d.). At maximum precision, the within-assay CV was 7-0 + 0-8% (s.d.), and the sensitivity was 0-48 + 007ng/ml. Between-assay CV was 3-9% at 9-28 (0-36) and 14-5% at 11 -48 (1-66) ng/ml. Although PMSG is known to cross-react in this assay and therefore LH concentrations in the PMSG-treated group could be overestimated, it is still possible to deter¬ mine the frequency of LH pulses. An LH pulse was defined (Clarke, Wright, Chamley & Burman, 1984) as having occurred if the assay value of a particular sample exceeded the assay value of the previous sample by more than 3 times the s.d. of the assay value of the previous sample (s.d. given by the computation of the assay data).
Concentrations of FSH in plasma samples were measured in one radioimmunoassay (Bremner, Findlay, Lee, de Kretser & Cumming, 1980) using NIH-FSH-S6 as standard. All samples were read on that portion of the standard curve where the within-assay CV was < 10%, between 44 and 900 ng/ml. The assay had a maximum precision of 60% and the sensitivity was 13-3 ng/ml. PMSG does not cross-react in this radioimmunoassay for FSH (Lee, McMaster, Quigg, Findlay & Leversha, 1981) .
Statistical analysis. R C tests of independence were used to examine whether the proportion of follicles in each size class was independent of treatments, and the G-test of independence of 2 treatments was used to examine the goodness of fit of the observed frequencies to their expectation (Sokal & Rohlf, 1981 Number of LH pulsesper 6 At 13 2-2 + 0-3" 2-1+0-7" 1-9 + 0-5" 2-1+0-3" 4-9 + 0-3" Any effect PMSG may have had on mitotic indices of granulosa cells was not apparent on Day 15 (1-64 + 0-05 and 1-64 ± 005% for follicles < 2mm, and 1-22 ± 011 and 1-35 + 009% for follicles > 2 mm, with 500 and 0 i.u. PMSG, respectively). In contrast, the mitotic indices of granulosa cells in follicles < 2 mm from ewes treated with follicular fluid decreased (P < 005) in a dose-dependent manner (0ml, 1-86 ± 008%; 1ml, 1-70 + 007%; 2ml, 1-50 ± 0-07%; 4ml, 1-54 ± 0-07%). The mitotic indices in follicles > 2 mm did not differ after treatment with ovine follicular fluid.
There was no significant effect of PMSG or follicular fluid on the incidence of atresia (data not shown). (PMSG, (1) (2) (3) (4) follicles/ewes; no PMSG, 0-4 + 0-27), but this dose of PMSG was unable to prevent follicular fluid significantly reducing the proportion of visible follicles > 2 mm while concomitantly increasing the proportion < 2 mm. There was no significant change in the total number of visible follicles/ewe (Table 4) . As observed in Exp. 2, no apparent effects of PMSG on mitotic indices of granulosa cells (range 1-25-1-57%) were seen on Day 15. Treatment with follicular fluid resulted in a significant reduction in the mitotic index of granulosa cells from < 2 mm follicles (1-73 + 0-07% vs 1-46 + 006%, < 001). There were too few follicles > 2mm after follicular fluid treatment to make an accurate estimate of mitotic index.
There was no significant effect of PMSG or follicular fluid on the incidence of atresia of follicles in any size class studied on Day 15 (data not shown).
Effects on oestrus. PMSG had no significant effect on the mean interval from 08:00 h on Day 15 (i.e. 3 days after cautery) to the time oestrus was first observed (PMSG 55 h; no PMSG, 51 h; mean cycle length 17-2 days). Treatment with follicular fluid was followed by a significant delay (P < 005) in the display of oestrus, the interval being 95 and 105 h (mean cycle length 19-2 days) for ewes treated with and without PMSG, respectively.
Discussion
This study has shown that charcoal-treated ovine follicular fluid, in addition to its ability to suppress secretion of FSH by the pituitary (Cummins, O'Shea, Bindon, (Findlay & Cumming, 1977; Baird, 1983 (Richards, 1980) . Alternatively, cautery of follicles may have removed an endogenous inhibitor of granulosa cell division which was present in follicular fluid. Treatment with follicular fluid (4 ml/day) after cautery virtually abolished all follicles > 2 mm, an effect which could have been mediated by the inhibin activity in the follicular fluid suppressing FSH (Cummins et al, 1983) or by a direct action of the follicular fluid at the ovarian level.
The subsequent experiments provided further evidence for a factor(s) in follicular fluid that can act at the ovarian level. The dose-dependent inhibition by follicular fluid of folliculogenesis sustained by PMSG is consistent with the presence of a mitotic inhibitor in charcoal-treated ovine follicular fluid which acts at the ovary to prevent follicles passing beyond 2 mm diameter, despite the presence of PMSG. We have recently shown that this activity in follicular fluid can also be demonstrated in hypophysectomized ewes treated with PMSG, confirming a direct effect at the ovarian level (Cahill et al, 1985) .
Injection of bovine or ovine follicular fluid around the time of luteolysis in sheep will delay oestrus and ovulation (Miller, Critser, Rowe & Ginther, 1979; Cummins, Bindon, O'Shea & Piper, 1980) , an observation confirmed in this study. However, it was believed that this action of follicular fluid was mediated by the presence of inhibin activity which will suppress FSH in sheep (Cummins et al, 1983) rather than by a direct action on the ovary.
The inhibitor in ovine follicular fluid is unlikely to be a steroid because the activity remained after charcoal treatment, and it is either very potent or has a long half-life because only relatively small doses of follicular fluid (1-4 ml/day) given s.c. to sheep were required to inhibit folliculo¬ genesis. Many factors with a wide range of biological activities have been described in follicular fluid but few have been fully characterized (Hammond, 1981) . Activity which will stimulate cell growth and division is present in follicular fluid, but little attention has been paid to inhibitors of cell division in comparison to inhibitors of gonadotrophin binding, steroidogenesis and oocyte maturation. Human (diZerega, Marrs, Roche, Campeau & Kling, 1983a) and pig follicular fluid (Kling et al, 1984) and ovarian venous blood from the human ovary containing the dominant follicle (diZerega, Goebelsmann & Nakamura, 1982) possess activity which will inhibit PMSG-induced folliculogenesis in hypophysectomized, immature rats. This is thought to be an inhibitor of aromatase activity in the granulosa cell (diZerega et al, 1983b; Kling et al, 1984) rather than an inhibitor of cell division.
Collectively, these studies support the concept of an ovarian factor involved in selection of the dominant follicle. It raises the interesting question of how the dominant follicle, if it is the ovarian source of the inhibitor, is itself influenced by the inhibitor. From early in the antral phase, as the antrum and follicular fluid content of a follicle increases, the mitotic index of the granulosa cells decreases to almost zero in preovulatory follicles (Turnbull, Braden & Mariner, 1977; Cahill & Mauleon, 1980) . Therefore the number of granulosa cells increases only slightly despite increasing follicular diameter (McNatty, 1982; Tsonis, Carson & Findlay, 1984) . This decrease in the mitotic index of granulosa could be due to increased concentrations of an inhibitor in follicular fluid. The presence of a local intra-or inter-ovarian regulatory agent could also be involved in several other aspects of folliculogenesis which are difficult to explain simply by changes in the pattern or con¬ centrations of the gonadotrophins. There is evidence that ovulation occurs from alternate ovaries in primates (diZerega & Hodgen, 1981; Gougeon & Lefevre, 1983 ) despite perfusion of each ovary by the same amount of gonadotrophins, which suggests direct communication between the ovaries. Unilateral ovariectomy in the ewe results in a transient rise in plasma FSH 6-12 h later but the FSH concentrations then return to presurgical levels although ovulation rate from the remaining ovary is doubled and remains so (Findlay & Cumming, 1977) . Many attempts have been made to relate circulating FSH and LH concentrations to ovulation rate in the sheep (Scaramuzzi & Radford, 1983) but without much success, suggesting that other factors may be involved in determining the number of eggs shed. In a histological examination of all growing follicles in both right and left ovaries, Cahill, Mariana & Mauleon (1979) found that the number of small preantral follicles varied greatly between the two ovaries, but as follicle size increased, the numbers of follicles per class were similar in each ovary which could mean that, as follicles grow larger, the communication between ovaries increases.
In conclusion, this study provides evidence for a role of extra-and intra-gonadal factors in the control of folliculogenesis in the sheep ovary, a key extragonadal factor being FSH and the intragonadal factor(s) with putative antimitotic activity being present in follicular fluid.
